District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, prolonging the investment return period. The main scope of this paper is to assess the feasibility of using the heat demand -outdoor temperature function for heat demand forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were compared with results from a dynamic heat demand model, previously developed and validated by the authors. The results showed that when only weather change is considered, the margin of error could be acceptable for some applications (the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and improve the accuracy of heat demand estimations.
Introduction
Energy requirements in urban areas are rising very fast and this trend is expected to continue with the increase in the urban population (70% by 2050). New buildings are built according to more and more stringent norms which can make them either net-zero or energy positive buildings. Decentralized urban energy systems are hence drawing a lot of attention from the research and industrial community as a possibility towards more sustainable urban areas responding to stringent limitations for fossil fuel based power generation and global concern on greenhouse gases (GHG) emissions.
The stochastic nature of both demand and solar photovoltaics (SPV) energy potential makes SPV integration into buildings more challenging. The concept of Energy Hub (EH) [1]-[5] is getting popular as a method to integrate non-dispatchable energy sources at building and neighbourhood scale with the support of energy storage and grid. In a previous study, a district on the EPFL campus, Switzerland [6], [7] was analysed to implement renewable energy. However, the analysis did not account for the various energy vectors that could be considered and integrated in order to increase the autonomy of the energy system. There have been no studies on the effectiveness of energy hub (EH) to integrate solar energy and wind energy at both building and neighbourhood scale considering real-time price (RTP) and curtailments in the grid. This study presents a case study conducted to evaluate the effectiveness of EH in integrating solar energy in the SwissTech Convention Centre (STCC) and Quartier Nord on the EPFL campus in Lausanne considering both building and neighbourhood scale.
In the next section we describe the models used in the current study. We then show the results obtained and discuss them. In the final section we conclude on the most important findings in this study and give a few perspectives to further develop the concept of implementation of decentralized energy systems. 
Nomenclature

EH
Brief description of the CitySim software
CitySim [8] is a large-scale dynamic building energy simulation tool developed at the EPFL. The tool includes an important aspect in the field of simulating multiple buildings: the building interactions (shadowing, light interreflections and infrared exchanges). Furthermore, CitySim is based on simplified modelling assumptions to establish a trade-off between input data needs, output precision requirements and computing time. It also takes into account the occupancy profile and thermal comfort of the occupants throughout the year.
Overview of the energy system
The EH consisting of wind turbines, SPV panels, battery bank, internal combustion generator (ICG) operating connected to the main grid is considered in this study (see Fig. 1 ). Global solar irradiation on horizontal surfaces and wind speed are taken into account on an hourly time scale. The computational model is described in Ref.
[9]- [12] . Energy demand for multiple energy services (heating and electricity) is taken from Citysim, and standard occupancy profiles are used. The electricity price in the grid is taken based on the Time of Use (ToU) scheme. Grid
